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PROBLEM TO BE SOLVED: To provide an analog 
orthogonal modulator which can automatically 
compensate an orthogonal modulation error caused by 
trouble of a circuit. 

SOLUTION: An analog orthogonal modulating circuit is 
provided with a digital local demodulator, a modulated 
signal before modulation and a demodulated signal are 
compared with each other to detect a DC offset, an 
orthogonal modulation error, etc., and an orthogonal 
correcting circuit provided in front of an orthogonal 
modulator applies a correction signal to automatically 
correct the orthogonal modulation error. An analo.g 
orthogonal modulator can be actualized which does not 
generate the orthogonal modulation error due to 
incompletion of an analog circuit. A high-speed D/A 
converter is not necessary and orthogonal modulation is 
enabled so that frequency conversion can be omitted 
and the number of annexed analog circuits can greatly 
be reduced. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

^A.MS ^^^^ ~~~ ~~~~~ 

[Claim(s)] 

[Claim 1] The local demodulator which returns the signal by which quadrature modulation was 
carried out and carries out the rectangular recovery of this return signal in the quadrature 
modulation equipment which carries out quadrature modulation of the input modulating signal 
with the quadrature modulation machine which carries out quadrature modulation of said input 
modulating signal, and this quadrature modulation vessel, The error detector which compares 
with said input modulating signal this recovery signal that carried out the local recovery, and 
detects a quadrature modulation error, It has the rectangular error correction circuit which 
performs rectangular error correction of said input modulating signal according to this detected 
rectangular error. Quadrature modulation equipment characterized by compensating the error of 
said quadrature modulation machine by giving said quadrature modulation machine after said 
rectangular error amends said input modulating signal beforehand. 

[Claim 2] The D/A converter which changes said input modulating signal into an analog signal in 
quadrature modulation equipment according to claim 1, Have the A/D converter which changes 
said return signal into a digital signal, and said quadrature modulation machine is constituted 
from an analog circuit. Said local demodulator is constituted from a digital circuit. Quadrature 
modulation equipment characterized by carrying out a subcarrier synchronization by carrying out 
frequency conversion of the carrier frequency of said return signal so that the carrier frequency 
of said return signal given to said local demodulator may become equal to one fourth of the 
sampling frequencies of said local demodulator of operation. 

[Claim 3] The multiplier which carries out the multiplication of the constant and inverts it 

to the digital signal changed by said A/D converter in quadrature modulation equipment 
according to claim 2, Said digital signal, "0" data, and said inverted digital signal, The 1st change 
machine which changes "0" data to one fourth of the timing of the sampling frequency of said 
local demodulator of operation, and outputs a recovery inphase signal, It has the 2nd change 
machine which changes data, said digital signal, "0" "0" data, and said inverted digital signal to 
one fourth of the timing of the sampling frequency of said local demodulator of operation, and 
outputs a recovery rectangular cross signal. Quadrature modulation equipment characterized by 
carrying out the rectangular recovery of said return signal. 

[Claim 4] Quadrature modulation equipment characterized by having the 1st low pass filter from 
which the harmonic content of the output signal of said 1st change machine is removed, and the 
2nd low pass filter from which the harmonic content of the output signal of said 2nd change 
machine is removed in quadrature modulation equipment according to claim 3. 
[Claim 5] Quadrature modulation equipment characterized by performing the subcarrier 
synchronization of said local demodulator and said quadrature modulation machine by carrying 
out the phase shift of said return signal in quadrature modulation equipment according to claim 1 
to 4. 

[Claim 6] Quadrature modulation equipment characterized by having a normalization means to 
normalize so that the amplitude of the recovery inphase signal of a recovery signal and a 
recovery rectangular cross signal to which it restored with said local demodulator may become 
the same as that of the amplitude of said input modulating signal in quadrature modulation 
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equipment according to claim 1 to 5. 

[Claim 7] In quadrature modulation equipment according to claim 6 said normalization means the 
square of said recovery inphase signal — the 1st multiplier which computes a value, and the 
square of said recovery rectangular cross signal — with the 2nd multiplier which computes a 
value the square of said recovery inphase signal — the square of a value and said recovery 
rectangular cross signal — with the 1st adder adding a value Quadrature modulation equipment 
characterized by performing amplitude normalization of said recovery signal to which said local 
demodulator restored by having the 3rd multiplier which carries out the multiplication of 0.5 to 
the aggregate value of this 1st adder, and the subtracter which subtracts the multiplication value 
of this 3rd multiplier from^Jx ^ ; r ?$^y ' 

[Claim 8] The quadrature^moduration characterized by to have the multiplier which 

carries out the multiplication of the multiplier which carries out the multiplication of the 
equalization circuit which computes the average by averaging said normalized input modulating 
signal in quadrature modulation equipment according to claim 6 or 7, and said recovery inphase 
signal and said average, and outputs a normalization inphase signal, and said recovery 
rectangular cross signal and said average, and outputs a normalization rectangular cross signal. 
[Claim 9] In quadrature modulation equipment according to claim 1 to 8, the recovery signal to 
which said local demodulator restored is inputted. The amplitude value of said recovery inphase 
signal and said recovery rectangular cross signal, Whenever said recovery signal inputs the 
register which memorizes the flag for identifying the point of said recovery signal arranging 
[ modulating-signal ], with said flag When there are data which serve as a pair by making into a 
pair the signal point which is in the zero of a modulating-signal coordinate plane in a point 
symmetric position It has an averaging means to compute the average of two data used as this 
pair. Quadrature modulation equipment which carries out clear [ of the value of said register ], 
and is characterized by considering as the direct-current-offset value which generates this 
computed average value with said quadrature modulation vessel at the same time it computes 
the average value of two data with which an average-value calculation means serves as said 
pair. 

[Claim 10] Quadrature modulation equipment which is equipped with the digital low pass filter 
which carries out the predetermined time average of said direct-current-offset value, and the 
integrator which integrates with the direct-current-offset value which this averaged further, and 
is characterized by giving the direct-current-offset value with which it this integrated to said 
rectangular error correction circuit as said rectangular error in quadrature modulation equipment 
according to claim 9. 

[Claim 1 1] A calculation means to compute the rectangular leak value which said quadrature 
modulation machine generates in quadrature modulation equipment according to claim 9, It has 
the equalization circuit which carries out the predetermined time average of this computed 
rectangular leak value, and the integrator which integrates with the rectangular leak value 
averaged by this equalization circuit. Said rectangular error correction circuit Furthermore, the 
multiplier which carries out the multiplication of the rectangular leak value with which it 
integrated with said integrator to the inphase signal of said input modulating signal, Quadrature 
modulation equipment characterized by compensating said rectangular leak which has the 
subtractor which subtracts the inphase signal of said input modulating signal by which 
multiplication was carried out from said rectangular signal before a modulation, and searches for 
a rectangular leak amendment signal with this multiplier, and is produced with said quadrature 
modulation vessel. 

[Claim 12] It is quadrature modulation equipment characterized by computing the rectangular 
leak value a as a=(q-Q)/I when said calculation means set said recovery inphase signal to i in 
quadrature modulation equipment according to claim 11, it is referred to as q, the inphase signal 
of said modulating signal before inputting said recovery rectangular cross signal into said 
quadrature modulation machine is set to I and a rectangular signal is set to Q. 
[Claim 13] A calculation means to compute the amplitude change ratio which said quadrature 
modulation machine generates in quadrature modulation equipment according to claim 9, It has 
the integrator which subtracts and integrates with 1. the amplitude change ratio averaged by the 
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equalization circuit which carries out the predetermined time average of this computed amplitude 
change ratio, and this equalization circuit — since — said rectangular error correction circuit 
Furthermore, quadrature modulation equipment characterized by compensating said amplitude 
change ratio which has the multiplier which carries out the multiplication of the amplitude change 
ratio with which it integrated with said integrator to the inphase signal of said input modulating 
signal, and is produced with said quadrature modulation vessel. 

[Claim 14] It is quadrature modulation equipment which said calculation means sets said 
recovery inphase signal to i in quadrature modulation equipment according to claim 13, sets said 
recovery rectangular cross signal to q, and is characterized by computing the amplitude change 
ratio b as b=i/I when the inphase signal of said modulating signal before inputting into said 
quadrature modujatipp^macH^ 

[Claim 15] Quadrature modulation equipment characterized by making it operate after having the 
memory which contrasts the data value of the shift register which constitutes said digital low 
pass filter and said integrator at the time of termination of said quadrature modulation equipment 
of operation, reading the data value evacuated at the time of a restart of operation from this 
memory and setting it as each register in quadrature modulation equipment according to claim 1 
to 14. 

[Claim 16] The rectangular leak a from which an inphase signal component leaks to a rectangular 
signal component in quadrature modulation equipment according to claim 1 to 15 When 
expressed said quadrature modulation error and set said recovery inphase signal to i, and it is 
referred to as q, the inphase signal of said modulating signal before inputting said recovery 
rectangular cross signal into said quadrature modulation machine by the amplitude change ratio b 
of an inphase signal component is set to I and a rectangular signal is set to Q, The quadrature 
modulation error detection approach characterized by detecting the quadrature modulation error 
produced with said quadrature modulation vessel by computing the rectangular leak a by a=(q- 
Q)A and computing the amplitude change ratio b by b=i/I. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to compensation of a quadrature 

modulation error with respect to a quadrature modulation machine. 

[0002] 

[Description of the Prior Art] Digitization of radiocommunication is performed by the spread of 
cellular phones etc. corresponding to rapid buildup of radiocommunication need. In digital radio, 
the quadrature modulation method which modulates separate information is mainly used for the 
carrier signal (an inphase signal and rectangular signal) which is two (90 degrees of phases differ) 
which intersected perpendicularly. There are an analog form and a digital method as a means to 
realize quadrature modulation. 

[0003] In the quadrature modulation of an analog form, the multiplication of the rectangular 
carrier signal is carried out to a modulating signal with a mixer (signal mixer), respectively, and it 
becomes irregular by compounding each signal which carried out multiplication with a signal 
adder. On the other hand, in the quadrature modulation of a digital method, all composition of a 
quadrature modulation wave signal is performed by the digital circuit. Drawing 2 explains the 
transmitter using a digital quadrature modulation method. 

[0004] Drawing 2 is the block diagram showing the configuration of the transmitter using the 
conventional digital quadrature modulation method. 151 — the input terminal of an input 
modulating signal, and 20 — a digital quadrature modulation machine and 21 — a D/A converter 
and 22 — for a local oscillator, and 25 and 28, as for power amplifier (HPA) and 152, a band-pass 
filter (BPF) and 29 are [ a mixer, and 24 and 27 / a low pass filter (LPF), and 23 and 26 / the 
output terminal of an output carrier signal (RF output signal) and 153 ] sampling-frequency input 
terminals. 

[0005] In drawing 2 , an input modulating signal is given to the digital quadrature modulation 
machine 20 through an input terminal 151. With the digital quadrature modulation vessel 20, after 
carrying out quadrature modulation of the given input modulating signal, D/A converter 21 is 
given. D/A converter 21 changes into an analog signal the quadrature modulation signal which 
operated to the timing of the sampling frequency fS of the sampling signal given from the 
sampling-frequency input terminal 153, and was inputted, and gives it to LPF22. In LPF22, a 
component is removed from the inputted signal by return, and a mixer 23 is given. In digital 
modulation, if the frequency of a modulation carrier signal is set to one fourth of sampling 
frequencies fS, since signal processing will become easy, this approach is used well. This 
sampling frequency fS is usually about several MHz in value. LPF22 operates to one fourth of 
the timing (fS/4) of this sampling frequency fS. On the other hand, since the frequency fRF of 
the output carrier signal of a radio transmitter is hundreds of MHz, it is necessary to perform 
frequency conversion. 

[0006] By generating the 1st-game oscillation signal (frequency fl_01) with a local oscillator 24 
first, and giving a mixer 23, with a mixer 23, frequency-mixing of the modulated analog signal 
inputted from LPF22 is carried out, and it gives BPF25. From the inputted signal, BPF25 
removes an image component (fL0 1 -fS/4), outputs the intermediate frequency (IF) signal of a 
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frequency fIF (fIF=fl_01+fS/4), and gives it to a mixer 26. Frequency conversion of the IF signal 
is carried out to an output subcarrier (RF output) signal (frequency fRF) with a mixer 26, a local 
oscillator 27, and a band-pass filter 28 like ****, and it amplifies through HPA29, and transmits 
as an RF output signal through an output terminal 152. That is, the 2nd-game oscillation signal 
fL02 (fL02=fRF-fIF) is given to a mixer 26 with a local oscillator 27, frequency conversion of the 
IF signal inputted from BPF25 is carried out with a mixer 26, and the signal of a frequency 
(fRF=fl_02+fIF) is given to BPF28. From the inputted signal, BPF28 removes an unnecessary 
frequency component (game from leak), and gives it to HPA29. As mentioned above, although 
frequency conversion is needed by the digital method, since frequency characteristics steep to 
BPF25 or BPF28 in order ta rfemdVe tl^jelleak -frprh a component, an image signal, and a station 
by return are needed, the analog circuit section becomes large-scale. 
[0007] 

[Problem(s) to be Solved by the Invention] The quadrature modulation method of the above- 
mentioned conventional technique has the fault which is described below. It is difficult to make 
rectangular phase contrast into 90 degrees first, at accuracy, in order for an analog circuit 
component to realize a modulation with an analog quadrature modulation vessel. Moreover, it is 
also difficult to double the amplitude of an inphase signal, and the amplitude of a rectangular 
signal equally correctly. Furthermore, although an in one direction flowed part (direct current 
offset) of a modulating signal must be 0, since direct current offset arises with the deflection of 
a circuit element, it cannot be set to 0. Changing these quadrature modulation errors further by 
fluctuation factors, such as deflection of a component proper, temperature, supply voltage, and 
secular fluctuation, also poses a problem. 

[0008] Next, the quadrature modulation which avoids fluctuation resulting from an analog circuit 
with a digital quadrature modulation vessel, and does not have a quadrature modulation error is 
possible. Moreover, the D/A converter which changes a quadrature modulation output into an 
analog signal also ends by one piece. However, in the case of the quadrature modulation machine 
of a digital method, since carrier frequency becomes about [ of a sampling frequency of 
operation ] 1/4 (an actual condition technique 10 MHz extent) as mentioned above, a high-speed 
D/A converter is needed. Furthermore, by the digital method, in order to have to make a 
sampling frequency of operation, the clock frequency of modulation data, and carrier frequency 
into an integer ratio, a design degree of freedom is restrained. 

[0009] The object of this invention is by detecting the quadrature modulation error which an 
analog quadrature modulation machine generates accommodative, and compensating it to obtain 
the quadrature modulation machine which a quadrature modulation error does not generate in 
order to remove the above faults. Furthermore, other objects of this invention are with actuation 
of the usual modulation circuit to offer automatically the quadrature modulation machine in which 
a rectangular error compensation is possible, without using a detecting signal special for 
detection of a quadrature modulation error, another detection mode of operation, etc. in order to 
remove the above faults. 
[0010] 

[Means for Solving the Problem] In order to detect and compensate the following errors which 
the quadrature modulation machine of this invention generates with an analog quadrature 
modulation vessel in order to attain the above-mentioned object, it considers as the 
configuration possessing a digital local rectangular cross demodulator. 

** Direct current offset di and dq (error from which the direct current level of a modulating 
signal is not set to 0) 

** Rectangular amplitude error dg (an inphase, amplitude difference of a rectangular signal 
component) 

** Rectangular phase error dphi (include angle from which the phase contrast of an inphase and 
a rectangular signal component shifted from 90 degrees) 

[0011] Furthermore, the quadrature modulation circuit of this invention detects and 
compensates the quadrature modulation error of a quadrature modulation output signal by having 
a local demodulator, restoring to a quadrature modulation output signal, and comparing with the 
original modulating signal. Moreover, the quadrature modulation circuit of this invention 
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constitutes a local demodulator in digital one, and it carries out frequency conversion of the 
output carrier frequency of a quadrature modulation machine so that the carrier frequency of the 
modulating signal which returns to a local demodulator may become equal to one fourth of the 
sampling frequencies fS of a local demodulator of operation. 

[0012] Furthermore, the quadrature modulation circuit of this invention realizes the product of 
the recovery rectangular cross carrier signal to the feedback input modulating signal to a local 
demodulator by the change of the polarity reversals of a feedback input modulating signal, and a 
signal selecting switch, and it constitutes it again so that it may restore to an inphase and a 
rectangular recovery signal component with a digital low pass filter. Furthermore, the quadrature 
modulation circuit of this invention performs the subcarrier synchronization of a local 
demodulator and a quadrature ^odulajtipn ,^ac ; Npe by the phase shift of a feedback input 
modulating signal. MoP§bWr;^ihe quadrature mocJufation circuit of this invention is normalized so 
that the amplitude of the recovery signal of a local demodulator may become the same as that of 
the amplitude of a modulating signal. Moreover, the quadrature modulation circuit of this 
invention asks for the sum of squares of the inphase signal output of a local demodulator, and a 
rectangular signal output, and performs amplitude normalization of a local demodulator output by 
subtracting the value which hung one half on the sum of squares from 3/2. 

[0013] Furthermore, the register which memorizes a flag for the quadrature modulation circuit of 
this invention to discriminate the point of a recovery signal arranging [ modulating-signal ] from 
the amplitude value of the recovery inphase signal to which the local demodulator restored, and 
a recovery rectangular cross signal, The signal point which is in the zero of a modulating-signal 
coordinate plane with the flag in a point symmetric position whenever a recovery signal inputs is 
made into a pair. It has an averaging means to compute the average of two data which 
correspond to a pair when there are data used as a pair. Clear [ of the value of a register ] is 
carried out and it considers as the direct-current-offset value which generates the computed 
average value with a quadrature modulation vessel at the same time it computes the average 
value of two data with which an average-value calculation means serves as a pair. 
[0014] Furthermore, the quadrature modulation circuit of this invention compensates the direct 
current offset generated with a quadrature modulation vessel by inputting into a quadrature 
modulation machine, after changing the modulating signal which inputted into the rectangular 
error correction circuit a certain direct-current-offset value with which carried out the fixed 
time average, and it integrated with and integrated with the integrator further, subtracted it from 
the modulating signal with the digital low pass filter, and subtracted the detected direct-current- 
offset value into an analog signal with a D/A converter. 

[0015] Moreover, the rectangular leak from which an inphase signal component leaks the 
quadrature modulation error for which a quadrature modulation machine generates the 
quadrature modulation circuit of this invention to a rectangular signal component (a), The 
amplitude change ratio (b) of an inphase signal component expresses. The inphase signal 
component (i) and the rectangular signal component (q) of a local demodulator output, From an 
inphase signal component (I) and a rectangular signal component (Q) before inputting into a 
modulator to and rectangular leak a=(q-Q)/I And amplitude change ratio b=i/I It carries out and 
an operation detects the quadrature modulation error to produce with a quadrature modulation 
vessel. 

[0016] Furthermore, the quadrature modulation circuit of this invention inputs into a rectangular 
error correction circuit a certain rectangular cross leak with which carried out the fixed time 
average, and it integrated with and integrated with the integrator further with a digital low pass 
filter for the rectangular leak which a quadrature modulation machine generates. The rectangular 
leak produced with a quadrature modulation vessel is compensated by carrying out multiplication 
to the inphase signal before a modulation, and inputting into a quadrature modulation machine 
further, after changing into an analog signal the rectangular leak amendment signal which 
subtracted from the rectangular signal before a modulation and was acquired with a D/A 
converter. 

[0017] Furthermore, amplitude change whose quadrature modulation machine generates the 
quadrature modulation circuit of this invention With a digital low pass filter, carry out a fixed time 
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average, subtract 1 from the average, find the integral with an integrator, and a certain value 
which subtracted the integral value from 1 and was acquired is inputted into a rectangular error 
correction circuit. After carrying out multiplication to the inphase signal before a modulation and 
changing the acquired amplitude change amendment signal into an analog signal with a D/A 
converter, amplitude change produced with a quadrature modulation vessel is compensated by 
inputting into a quadrature modulation machine. Moreover, after the quadrature modulation 
circuit of this invention sets the data value which evacuated the data value of the shift register 
which constitutes a digital filter and an integrator to memory, and was evacuated at the time of a 
restart of operation at the time of termination of a circuit of operation as each register, it is 
operated. V : " - S*>v" * 

[0018] As state d.abbyfev'^ in digital one, the modulation error 

by the rectangular demodulator is not generated, but it can be considered that all the detected 
errors are what is based on an analog quadrature modulation machine. Therefore, rectangular 
error detection and compensation are attained, not using a special detecting signal and carrying 
out normal operation of the modulator. Furthermore, since detection compensation actuation 
was always performed, the quadrature modulation circuit in which modulation error compensation 
which followed in footsteps of secular fluctuation [ temperature fluctuation of a modulator, a 
source effect, ] automatically is possible was realized. 

[0019] namely, — By constituting a local demodulator in digital one, the modulation error by the 
rectangular demodulator is not generated, but it can be considered that all the detected errors 
are what is based on an analog quadrature modulation machine. Therefore, rectangular error 
detection and compensation are attained, not using a special detecting signal and carrying out 
normal operation of the modulator. Furthermore, since detection compensation actuation can 
always be performed, modulation error compensation which followed in footsteps of secular 
fluctuation [ temperature fluctuation of a modulator, a source effect, ] automatically is possible. 
Moreover, since all of detection of a modulation error and compensation actuation are performed 
in digital one, the burden of an analog circuit can be made small. In order to perform analog 
quadrature modulation, two D/A converters are needed, but since direct modulation is possible, 
the low-speed signal (100 kHz extent) of data rate extent is enough, the sampling frequency of 
D/A is cheap and the D/A converter of a low power is enough as it. Furthermore, the digital- 
signal-processing section uses that the data to treat are a value near 1, and since it is possible 
to process data division process by addition and subtraction and multiplication, it can constitute 
it easily using the usual digital-signal-processing processor (DSP). Furthermore, since it is easy 
to evacuate the data value in a detection compensating circuit to memory, it is possible by 
evacuating to memory, reading the detection error parameter data at the time of circuit 
actuation from memory at the time of a restart of operation, and initializing them in a circuit to 
complete error detection compensation actuation as a high speed. 
[0020] 

[Embodiment of the Invention] Hereafter, one example of this invention is explained using 
drawing 1 . Drawing 1 is the block diagram showing the configuration of the transmitter which 
used the quadrature modulation machine of pi / 4 shift QPSK modulation technique for this 
invention. A D/A converter, 4 and 5, and 13 and 18 2 and 3 A low pass filter (LPF), 6, 7, and 14 
and 19 90-degree phase shifter and 9 for a mixer and 8 A signal adder, 10 a band-pass filter 
(BPF) and 12 for a local oscillator and 1 1 A sampling signal oscillator, 15 a phase lock loop (PLL) 
and 17 for four counting-down circuits and 16 An A/D converter, pi / 4 shift QPSK signal point 
arrangement circuit, and 102 and 103 101 A root roll-off filter (rof), 104 a rectangular error 
detector and 106 for a rectangular error correction circuit and 105 A digital local demodulator, 
The input terminal of an input modulating signal and 1 52* 151 The output terminal of RF output 
signal, The quadrature modulation machine with which 1 consists of D/A converters 2 and 3, 
LPF 4 and 5, a mixer 6 and the 7 or 90-degree phase shifter 8, a signal adder 9, and a local 
oscillator 10, 100 is pi / 4 shift QPSK signal point arrangement circuit 101, rof 102 and 103, the 
rectangular error correction circuit 104, the rectangular error detector 105, and the digital- 
signal-processing circuit 106 that consists of digital local demodulators. 
[0021] In drawin g 1 , an input modulating signal is given to pi / 4 shift QPSK signal point 
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arrangement circuit 101 through an input terminal 151. An input modulating signal by pi / 4 shift 
QPSK signal point arrangement circuit 101 pi / 4 shift QPSK modulating signal (eight signal 
points expressed with angle-of-deviation phi=m pi / 4 on the unit circle of the two-dimensional 
coordinate plane expressed with the orthogonal axis of an inphase signal (i) and a rectangular 
signal (q) (m=0-7) — ) It is changed into refer to drawing 6 (a), and an inphase signal is given to 
rof102, a rectangular signal is given to rof103, and corrugating is carried out, respectively. The 
inphase signal I and the rectangular signal Q by which corrugating was carried out are given to 
the rectangular error correction circuit 104, respectively. 

[0022] the inside of the output of the rectangular error correction circuit 104 — an inphase 
signal — D/A converter 2 of the analog quadrature modulation machine 1 — giving — a 
rectangular signal is giyen ; .tOvD^A c^n^e|ter^3 of jthe analog quadrature modulation machine 1, 
and is changed into a n^'dula^ed analog signal. Klext, the inphase signal of this modulated analog 
signal is given to LPF4, and the cuff component by D/A conversion is removed and it is given to 
a mixer 6. Similarly, the rectangular signal of a modulated analog signal is given to LPF5, and the 
cuff component by D/A conversion is removed and it is given to a mixer 7. 

[0023] A local oscillator 10 generates the rectangular carrier signal (IF signal) of a frequency fIF, 
and gives it to a mixer 7 and the 90-degree phase shifter 8. The 90-degree phase shifter 8 gives 
the rectangular carrier signal given to the mixer 7 and the signal (inphase carrier signal) which 
delayed about 90 degrees of phases to a mixer 6. With a mixer 6 and a mixer 7, a product is 
carried out to a modulated analog signal, respectively, addition composition is carried out with 
the signal adder 9, and quadrature modulation is made by this. It returns to the digital local 
demodulator 106 through a mixer 19 in order to detect the quadrature modulation error 
generated with the analog quadrature modulation vessel 1 while the modulated wave signal of the 
output of the signal adder 9 is removed in an unnecessary frequency component through BPF1 1 
and is sent out to RF circuit through modulation output terminal 152'. 

[0024] In order to perform a digital recovery, frequency conversion of the frequency of the 
modulated wave signal which returns to the digital local demodulator 106 is carried out to fS/4 
from carrier frequency fIF. (Here, fS is the sampling frequency of the digital-signal-processing 
circuit 100, and is given to the digital-signal-processing circuit 100 and four counting-down 
circuits 15, respectively by the sampling signal (frequency fS) generated with the sampling signal 
oscillator 12.) The rectangular carrier signal of the frequency fIF which the local oscillator 10 
generated is also given to a mixer 14 again. 

[0025] First, with four counting-down circuits 15, 4 dividing of the inputted sampling signal is 
carried out, and it gives PLL16. With a mixer 14, it mixes with a carrier signal fIF, and the output 
(frequency fIF+fS/4) of PLL16 extracts frequency component f S / 4 of the lower one by LPF13, 
and adds them to the 2nd input edge of PLL16. In this way, with a mixer 19, it mixes with the 
modulated wave signal which returns from BPF1 1, and the signal of obtained frequency fIF+fS / 
4 is given to LPF18. In LPF18, frequency component f S / 4 of the lower one are given to drawing 
A/D converter 17, it changes into a digital signal with A/D converter 17, and the local 
demodulator 106 is given. 

[0026] The inphase recovery output i and the rectangular recovery output q which are restored 
to which and obtained give the error which detected and detected a quadrature-modulation error 
by inphase signals and rectangular signals [ the inphase signal I before a modulation which is 
given to a rectangular error detector 105 and given from rof102 and rof103, respectively, and the 
rectangular signal Q before a modulation / respectively ] to a rectangular error-correction 
circuit 104, respectively, and amend the rectangular error which generates with an analog 
quadrature-modulation vessel 1, respectively. 

[0027] Since the digital rectangular cross demodulator constitutes the local demodulator 106 
from the example of drawing 1 , a rectangular error is not generated in a demodulator side. 
Therefore, it can be considered that all the rectangular errors detected in the rectangular error 
detector 105 are what was generated with the quadrature modulation vessel 1 of an analog. In 
the example of drawing 1 , frequency conversion of the carrier frequency of the input signal of 
the local demodulator 106 is carried out to fS/4 for simplifying the configuration of this digital 
rectangular cross demodulator. 
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[0028] The quadrature modulation circuit of this invention is considered as the configuration 
possessing a digital local rectangular cross demodulator in order to detect and compensate the 
error generated with an analog quadrature modulation vessel. The rectangular amplitude error 
(difference of the amplitude of the inphase component signal I and the amplitude of the 
quadrature component signal Q) dg and rectangular phase error (difference of phase [ of the 
inphase component signal I ] and phase of quadrature component signal Q) dphi are changed into 
the rectangular leak a equivalent to this (rate which the inphase signal I mixes in the rectangular 
signal Q), and the amplitude change ratio b (inphase signal gain before and behind a modulation). 
An ideal modulating signal is expressed with a degree type (1). 

I=cosphi Q=sinphi formula (1) (however, phi=m pi/4 and m, m= integer of 0-7) 

[0029] In many cases, since the . inphase signal I in front of quadrature modulation and the 
rectangular signal QVare%en^ra^ orfev'they are close to an almost ideal signal. On the 

other hand, the inphase signal i and rectangular signal q are expressed by the signal (local 
recovery signal) which restored to the analog quadrature modulation output with the ideal 
demodulator by the degree type (2) for the error (rectangular error) generated in connection with 
quadrature modulation. 

i=(1+dg/2) cos(phi-dphi/2) **K(1+dg) cosphi' q=(1~dg/2) sin(phi+dphi/2) **Ksin (phi'+dphi) 
(However, K=1- dg/2, phi'=phi-dphi/2 ) 

Formula (2) [0030] If a formula (2) normalizes the amplitude (K= 1) and phase simulation 

(phi=phD is taken, it is expressed with a degree type (3). 

i=(1+dg) cos phi=b-Iq=sin phi+dphicos phi=Q+a~I (however, b=1+ dg, a=dphi ) Since the 

formula (3) rectangular-cross amplitude error dg and rectangular phase error dphi are small, the 
amplitude change ratio b of the rectangular leak a is a number near about 1 in about 0. 
[0031] The analog quadrature modulation machine by the rectangular error generating model of a 
formula (3) and an example of circuitry which compensates a rectangular error are shown in 
drawing 5 . Drawing 5 is an example explaining the principle of the rectangular error 
compensation approach of this invention of a block diagram. The input terminal with which 168 
and 169 give the signals I and Q before a modulation, respectively, and 179 The output terminal 
of a modulation output signal, The input terminal of the rectangular leak a and 174 150 and 173 
The input terminal of the amplitude change ratio b, The input terminal of amplitude change ratio 
1 / b, and 171 and 175 170 The input terminal of the direct current offset di of an inphase signal, 
The input terminal of the direct current offset dq of a rectangular signal and 177 172 and 176 A 
cosomegact input terminal, 178 the rectangular error compensation section and 56 for a 
sinomegact input terminal and 50 An analog quadrature modulation machine, The multiplier of the 
rectangular error compensation section 50, and 57 and 59 51 and 53 The multiplier of the analog 
quadrature modulation machine 56, As for the adder of the rectangular error compensation 
section 50, 58, and 510 and 511, for 512 and 513, the mixer of the analog quadrature modulation 
machine 56, 52, and 54 and 55 are [ the adder of the analog quadrature modulation machine 56 
and 514 ] the signal adders of the analog quadrature modulation machine 56. However, fC is 
carrier frequency (fC=fS/4 and fS are a sampling frequency) at omegac=2pifC. 
[0032] although the analog quadrature modulation machine 56 consists of a mixer 512,513, a 
signal adder 514 and a cosomegact input terminal 177, and a sinomegact input terminal 178 — a 
actual circuit — a circuit — rectangular errors, such as direct-current-offset di of an inphase 
signal, direct-current-offset dq of a rectangular signal, the rectangular leak a, and the amplitude 
change ratio b, occur according to an error factor variously. These are expressed with 
component 57-59,173-176,510,511 of the quadrature modulation machine 56. 
[0033] A formula (3) is transformed, and if it asks for the formula which expresses a quadrature 
modulation error by the signal before a modulation (I, Q), and the local recovery signal (i, q), it will 
become a degree type (4). 

b=i/I a=(q-Q)/I a formula (4) — it can ask for direct current offset (di, dq) by averaging a 

local recovery signal (i, q) again. The compensatory signal which negates these detected error 
components (a, 1 / b, di, dq) is generated, and after compensating the signals I and Q before a 
modulation by the rectangular error compensation section 50 prepared in front of the quadrature 
modulation machine 56 of drawin g 5 , a rectangular error compensation is attained by giving the 
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quadrature modulation machine 56. 

[0034] Moreover, in order to perform automatically above-mentioned rectangular error detection 
compensation actuation, the signal at the time of the normal operation of a quadrature 
modulation machine performs error detection. In order to perform waveform transmission, it is 
made for a received wave to pass an identification point in digital radio in the place of the 
discrimination circuit of a receiver using a corrugating filter (the so-called roll-off filter). 
However, since the sending-out wave of a transmitter is a wave before passing along the 
corrugating filter by the side of a receiver, it does not pass an identification point to accuracy. 
Therefore, if the usual transmission wave form is used as a reference signal, even if it compares 
the transmission wave form before a modulation with a local recovery wave simply, exact 
modulation error detection Qannot;be performed. So, to the zero of a modulating-signal point 
coordinate, using the average- of tine da't^/tb'the^ modulating-signal point in a point symmetric 
position, this is equalized and, in detection of the direct current offset of this invention, it 
considers as a direct-current-offset value. When all data are equalized simply, without using the 
average value of point symmetry data, it is for not calling for exact direct current offset but 
changing still in time according to the bias of the data at the time of the usual modulation 
actuation, in a short-time average. 

[0035] Next, one example of the local demodulator 106 of drawing 1 is explained using drawing 3 . 
Drawin g 3 is drawing for explaining one example of the local demodulator of this invention. It is 
drawing for the block diagram in which drawing 3 (a) shows the configuration of a local 
demodulator, and drawing 3 (b) to explain the phase condition of an inphase and a rectangular 
carrier signal, and carrier frequency (fC=fS/4) and a white round head express COSomegaCt, 
and, as for the amplitude and fC, a black dot expresses [ an axis of abscissa / time amount and 
an axis of ordinate ] sinomegaCt, and drawing 3 (c) is the block diagram showing the 
configuration of the concrete example of a digital demodulator. 30 — an A/D converter and 31 - 
- a local oscillator, and 32 and 33 — a mixer, and 34 and 35 — LPF and 36 — 90-degree phase 
shifter and 154 — the input terminal of a signal, and 155 — the input terminal of a sampling 
frequency fS, and 156 and 160 — the output terminal of the recovery inphase signal i, and 157 
and 161 — the output terminal of the recovery rectangular cross signal q, and 37 — a multiplier, 
and 38 and 39 — a circuit changing switch and 158 — a constant — an input terminal and 

159 are constant "0" input terminals 

[0036] In order to perform a rectangular recovery in digital one, as shown in drawing 3 (a), with 
A/D converter 30, the recovery input signal of carrier frequency fC=fS / 4 given to A/D 
converter 30 through an input terminal 154 is digitized with the sampling frequency fS of the 
sampling signal to which it is given from an input terminal 155, and is given to mixers 32 and 33, 
respectively. 

[0037] Moreover, independently, the rectangular carrier signal sinomegact (omegac=2pifc) 
generated with the local oscillator 31 is given to a mixer 33 and the 90-degree phase shifter 36, 
and gives the rectangular carrier signal given to the mixer 33 and the signal (inphase carrier 
signal) cosomegaCt which delayed about 90 degrees of phases to a mixer 32 with the 90-degree 
phase shifter 36. 

[0038] In a mixer 32, the product of the digitized recovery input signal and the digitized inphase 
carrier signal cosomegaCt is carried out, it gives LPF34, LPF34 removes harmonic content, and 
an inphase signal is outputted through an output terminal 156. Similarly, in a mixer 33, the 
product of the digitized recovery input signal and the rectangular digitized carrier signal 
sinomegaCt is carried out, it gives LPF35, LPF35 removes harmonic content, and an inphase 
signal is outputted through an output terminal 157. A digital recovery can be performed by this. 
[0039] here, since the inphase and the rectangular carrier signal are also sampled with the 

sampling frequency fS, when t=n/fS (n= 0, 1, 2 and 3, ), the white round head of drawing 3 (b) 

and a black dot show — as — cosomegaCt=cos(npi/2) = — 1,0, and -1,0, and ... it becomes 
sinomegaCt=sin (npi/2) =0, 1 and 0, -1, and ... Drawing 3 (b), i.e., the actuation which will carry 
out the product of an inphase and the rectangular carrier signal if it sets up with fC=fS/4, will be 
performed repeatedly, changing the multiplication of "1", "0", and "-1." 

[0040] One concrete example of a digital demodulator is shown in drawin g 3 (c). A multiplier 37 
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applies the constant "-1" given to the demodulator input signal from the input terminal 158, and 
reverses the polarity of a signal. Moreover, a constant "0" is given from an input terminal 159. 
Circuit changing switches 38 and 39 are switches of 4 inputs, and the number (0-3) given to the 
input terminal supports 0-3 of the sampling time amount of drawing 3 (b), and can realize a 
rectangular recovery in digital one by the configuration of drawing 3 (c). 

[0041] Although the digital local rectangular cross recovery which a rectangular error does not 
generate is realizable with the example of drawing 3 , since the analog circuit is inserted, 
between the modulating signal (I, Q) in the input edge of the analog quadrature modulation 
machine 1, and a local demodulator output signal (i, q), phase contrast arises with a modulating 
signal and a local recovery output, so that it may understand with the block diagram of drawing 
1 . In order to detect a quadrature modulation error in the rectangular error detector 105, the 
phase needs to be cdrre'c^among these^ of the phase lock loop of a local 

demodulator is shown in drawing 4 . 

[0042] Drawing 4 is the block diagram showing the configuration of one example of the phase 
lock loop of the local demodulator 106 of this invention. The input terminal of recovery inphase 
signal i' before phase correction and 163 162 The input terminal of recovery rectangular cross 
signal q before phase correction, The input terminal of the modulation rectangular cross signal Q 
and 167 166 The input terminal of the modulation inphase signal I, Phase compensator, and 41, 
43, 44 and 45,41 1,413 40 A multiplier, For a trigonometric function ROM and 48, as for a phase 
contrast detector and 164, a delay register and 410 are [ 42, 46, and 49,412 / an adder and 47 / 
the output terminal of the recovery inphase signal i after phase correction and 165 ] the output 
terminals of the recovery rectangular cross signal q after phase correction. 
[0043] drawing 4 — setting — about [ minding input terminals 162 and 163 for the recovery 
signal before phase correction (i\ q') ] — the phase compensating circuit 40 — giving — about - 
- phase contrast theta is amended in the phase compensating circuit 40. Phase compensator 40 
consists of multipliers 41, 43, 44, and 45 and adders 42 and 46. i=i'costheta-q'sintheta 

q^'sintheta+q'costheta It is calculating a formula (6) and phase correction is performed. The 

recovery signal (i, q) which carried out phase correction is comparing with a modulating signal (I, 
Q) in the phase contrast detector 410, and phase error deltatheta is detected. 
[0044] It consists of a multiplier 411,413 and an adder 412, and the phase contrast detector 410 
is delta theta**sindeltatheta=sin (thetaT-thetaR). 

= SinthetaTcosthetaR-costhetaTsinthetaR=Qi-Iq A formula (7) is calculated. By the formula 

(7), thetaT is the phase angle (tanthetaT=Q/I) of a sending signal, and thetaR is the phase angle 
(tanthetaR=q/i) of a local recovery signal. The accumulator which consists of an adder 49 and a 
delay register 48 integrates detected phase error deltatheta, it becomes phase contrast theta, 
changes this into costheta and sintheta by the trigonometric function ROM 47, and inputs it into 
phase compensator 40. 

[0045] The phase contrast theta which is the integrated value whenever phase error deltatheta 
is called for converges the phase lock loop of drawing 4 on true phase contrast, and phase error 
deltatheta operates so that it may converge on 0. In the phase lock loop of drawing 4 , in order 
to apply to the local demodulator of a modulator, the carrier frequency of a modulation and a 
recovery is in agreement, and a frequency does not need to synchronize like the phase lock loop 
of the usual demodulator. Moreover, since what is necessary is just to detect the fixed amount 
of phase shifts which also generates phase contrast by delay of an analog circuit, it is detectable 
in the circuit of an easy configuration. 

[0046] The block diagram of above-mentioned drawing 5 explains one example of the rectangular 
error correction circuit 104 in the example of drawing 1 . As already explained, the quadrature 
modulation machine 56 models an actual analog quadrature modulation machine, and expresses it 
with an ideal quadrature modulation machine and the circuit element which generates an error. 
Since the rectangular leak a shows the rate which the inphase signal I mixes in the rectangular 
signal Q as shown in a formula (3), with a multiplier 57, it is hung on an I signal and adds the 
output-value a~I to a Q signal with an adder 58. Since the amplitude change ratio b expresses 
amplitude change of the inphase signal I, it hangs on an I signal with a multiplier 59 (= b-I). Direct 
current offset di and dq is an in one direction flowed part of the inphase signal I and the 
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rectangular signal Q, respectively, and is added to adders 510 and 511, respectively. 
[0047] These error components generated with the analog quadrature modulation vessel 56 are 
compensated with the rectangular error compensation section 50 prepared in front of the 
quadrature modulation machine 56. The rectangular leak a detected by error detection means to 
mention later is given to a multiplier 51 through the input terminal 150 of the rectangular leak a, 
and a multiplier 51 is hung on the inphase signal I of the signal before a modulation given through 
an input terminal 168, and it gives it to an adder 52 in quest of a-L In an adder 52, compensation 
is performed by subtracting from the rectangular signal Q of the signal before a modulation to 
which a-I is given through an input terminal 169. Similarly, the amplitude change ratio b is given 
to a multiplier 53 through the input terminal 170 of inverse number 1 / b in quest of the inverse 
number (1/b), is hung on the inphase, signal I with a multiplier 53, and is compensated. 
Furthermore, direct cumeMA>1^ adders 54 and 55 through an input 

terminal 171 and an input terminal 172, respectively, and can be compensated by subtracting 
from the inphase signal I and the rectangular signal Q with adders 54 and 55, respectively. 
[0048] One example of detection of the direct current offset (di, dq) of a quadrature modulation 
machine and compensation by this invention is shown in drawing 6 . Drawing 6 is drawing for 
explaining one example of direct-current-offset compensation of this invention. Drawing 6 (b) is 
the block diagram showing the configuration of one example of a compensating circuit, drawing 6 
(b) — setting — 180 — the input terminal of the inphase signal i, and 181 — for a direct- 
current-offset detector and 61, as for an adder and 63, a low pass filter (LPF) and 62 are [ the 
input terminal of the rectangular signal q, and 182 / the input terminal of the modulation number 
m, and 60 / a delay register and 183 ] the output terminals of direct current offset (di, dq). 
[0049] The detection approach of direct current offset is explained using drawing of pi / 4 shift 
QPSK modulating signal (eight signal points) expressed on the two-dimensional coordinate plane 
first expressed with the orthogonal axis of the inphase signal (i) of drawing 6 (a), and a 
rectangular signal (q). The direct-current-offset vectors di and dq shown by the continuous-line 
arrow head are added to the front [ modulation ] inphase rectangular cross signal (I) shown by 
the dotted line of drawing 6 (a), and the modulating signal on the (Q) shaft (uptrend of a 
longitudinal direction wavy line arrow head and a lengthwise direction wavy line arrow head), and 
direct current offset serves as a local recovery inphase rectangular cross signal (i) and a signal 
on the (q) shaft, and appears. Since the signal point of pi / 4 shift QPSK modulation technique is 
considered in the example of drawing 6 (a), it becomes the point of angle-o"Pdeviation phi=m pi / 
4 (m=0-7) on the circle centering on the zero of (i) and the (q) shaft. 

[0050] As mentioned above, a modulator output signal serves as a point which varied around the 
point arranging [ signal ] at the signal-decision event for the wave response of a root roll-off 
filter, and appears. For this reason, in order to detect direct current offset, a local recovery 
signal is equalized with a low pass filter, and a dc component is extracted. By the way, in the 
state of the normal operation of a modulator, the data inputted are an almost random signal. 
Therefore, in the short time amount section, even if it equalizes a recovery signal, there is no 
guarantee to which the average is set to 0, and it must equalize over quite long time amount. 
Then, the signal point data of a symmetric position are equalized to the zero of a signal 
arrangement side. By carrying out like this, the frequency which can acquire direct-current- 
offset detection data becomes high, and can make the time constant of equalization small. 
[0051] Next, the concrete example of direct-current-offset compensation is explained using 
drawin g 6 (b). The modulating-signal number m is a value which shows the angle of deviation of 
the signal point of drawing 6 (a). The local recovery outputs i and q and the modulating-signal 
number m are given to the direct-current-offset detector 60 through an input terminal 
180,181,182, respectively, and direct current offset is detected by the above-mentioned 
detection approach. For example, the registers r0-r7 of the number of the points arranging 
[ modulating-signal ] ( drawing 6 (a) eight pieces) are formed in the direct-current-offset 
detector 60 (not shown), when the modulating-signal number m is a signal of 0, the local 
recovery outputs i and q are memorized to a register rO, hereafter, other registers are the same 
and the local recovery outputs i and q are memorized by the register rm of the number specified 
by the modulating-signal number m. And close [ of those data ] clears the register which was at 
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the same time it computes those average values and gives LPF61, when it investigates whether 
there are any data or there is nothing to the register which serves as the modulating-signal 
number m and pair whenever a new recovery signal inputs into the direct-current-offset 
detector 60 and is in it. Moreover, when data are already memorized by the register with which 
the local recovery outputs i and q inputted newly should be memorized, data new to old data are 
overwritten, for example (for example, the method of memorizing the average is also considered). 
As mentioned above, by making into a pair the signal point which is in the zero of a modulating- 
signal coordinate plane in a point symmetric position, whenever a recovery signal inputs, when 
there are data used as a pair, the average of two data used as the pair is computed with the flag 
of a modulating-signal number. And clear [ of the value of those registers ] is carried out, and 
the computed average value v is r given tg^LPF61 at the same time it computes the average value 
of two data used as; a' fra^ value detected in the direct-current- 

offset detector 60 is equalized by LPF61, has dispersion by the wave response of a root roll-off 
filter oppressed, and is given to an adder 62. 

[0052] The output signal of an adder 62 is given to the delay register 63 while it is given to an 
output terminal 183. And the output signal of the delay register 63 is input terminal ********** 
of another side of the account 62 of addition. The signal given from LPF61 is integrated by this 
with an adder 62 and the accumulator which consisted of delay registers 63. The integrated 
signal, i.e., direct current offset, (di, dq) is given to the rectangular error compensation section 50 
of drawing 5 , and compensation is performed in the rectangular error compensation section 50. 
If completed as the actual value of direct current offset by the compensation value, the output 
of the direct current offset (di, dq) detected and LPF61 will operate so that it may converge on 
0. 

[0053] Without using the special detecting signal for detecting direct current offset according to 
the example of drawing 6 , direct-current-offset detection is attained with the signal at the time 
of the normal operation of a modulator, and a presser foot and an exact direct-current-offset 
compensation can perform average fluctuation by dispersion of the detection value by the wave 
response of a root roll-off filter, and the modulating signal. 

[0054] As mentioned above, in order to compensate a quadrature modulation error by the 
formula (3), it is necessary to perform amplitude normalization of the output signals i and q of a 
local demodulator. Amplitude normalization should just break the inphase component i and a 
quadrature component q by the square root of the sum of squares of the inphase component i 
and a quadrature component q, respectively. However, implementation is not easy for digital 
signal processing for which operations, such as a required square root and division process, use 
only addition and multiplication here. 

[0055] Then, as shown in drawing 7 , the amplitude normalization circuit which addition and 
multiplication depend is needed. Drawing 7 is a block diagram showing the configuration of one 
example of the amplitude normalization circuit by addition and multiplication. 184 — the input 
terminal of the inphase signal i, and 185 — the input terminal of the rectangular signal q, and 186 
— a constant "0.5" — for a multiplier, and 72 and 74, as for an equalization circuit and 188, an 
adder and 75 are [ a constant "1.5" input terminal, and 70, 71, 73, 76 and 77 / an input terminal 
and 187 / the output terminal of the inphase signal i and 189 ] the output terminals of the 
rectangular signal q. It connects with a multiplier 70 at a duplex (it is one at a time to two input 
edges), and an input terminal 184 is connected to a multiplier 76. Moreover, an input terminal 185 
is also connected to a multiplier 71 at a duplex (it is one at a time to two input edges), and it 
connects with a multiplier 77. The outgoing end of a multiplier 70 and the outgoing end of a 
multiplier 71 are connected to an adder 72, respectively, and the outgoing end of an adder 72 is 
connected to a multiplier 73. An input terminal 186 is connected to a multiplier 73, and an input 
terminal 187 is connected to + (plus) input edge of an adder 74. The outgoing end of a multiplier 
73 is connected to - (minus) input edge of an adder 74, the outgoing end of an adder 74 is 
connected to the equalization circuit 75, and the outgoing end of the equalization circuit 75 is 
connected to a multiplier 76 and a multiplier 77, respectively. The outgoing end of a multiplier 76 
is connected to an output terminal 188, and the outgoing end of a multiplier 77 is connected to 
an output terminal 189. 
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[0056] In the example of drawing 7 , the amplitude of the local demodulator output signals i and q 
before normalization assumes that it is a value near about 1. With the value near 1, x 
presupposes that it can express x=1+e (e«1). At this time, the inverse number of the square 
root of x can be approximated by the following formula (8). 

X-1/2=(1+e)-1/2=1-(1/2) e+(3/4) e2+ — **1-0.5e If formula (8) e=x -1 is substituted for a 

formula (8), it will become the following formula (9). 

x-1/2**1-0.5(x-1) =1.5-0.5x It can ask for the inverse number of a formula (9) t i.e., the 

numerical square root near 1 in general, by multiplication and subtraction by the formula (9). 
[0057] It asks for the sum of squares of the amplitude of the local demodulator output signals i 
and q before normalization with the multipliers 70 and 71 and adder 72 of drawing 7 , and if 0.5 is 
hung on this with a multiplier 73 andjt subtracts^from 1.5 with an adder 74, the inverse number 
of the sum of square^pf, t$^^ demodulator output signals i and q will be 

called for by the formula (9). As explanation of the example of drawing 6 described, the instant 
data of the amplitude of the local demodulator output signals i and q carry out amplitude 
fluctuation for the wave response of a root roll-off filter. Then, the instant data of the inverse 
number of the sum of squares are averaged in the equalization circuit 75, with multipliers 76 and 
77, multiplication is carried out to the amplitude of the local demodulator output signals i and q, 
and amplitude normalization is performed. 

[0058] Drawing 8 explains one example of quadrature modulation error compensation of this 
invention. Drawing 8 is drawing showing detection of the quadrature modulation error of this 
invention, and the configuration of one example of compensation. A recovery inphase signal i 
input terminal and 191 190 A front [ modulation ] inphase signal I input terminal, A front 
[ modulation ] rectangular cross signal Q input terminal and 193 192 The input terminal of the 
recovery rectangular cross signal q, 194 a multiplier M input terminal and 196 for the input 
terminal of the modulation number m, and 195 A multiplier N input terminal, 197 a constant "1" 
input terminal and 80 for a constant input terminal and 198 A rectangular error detector, 

The adder in the rectangular error detector 80, and 88 and 89,810,813 81 and 82 An adder, The 
output terminal of multiplier 1 / b a delay register and whose 199 the multiplier in the 
rectangular error detector 80, and 86 and 87 are [ as for an equalization circuit, and 811 and 
812 ] the inverse numbers of a gain for 83, 84, and 85, and 200 are the output terminals of the 
rectangular leak a. 

[0059] A formula (4) performs detection of a quadrature modulation error (the rectangular leak a 
and the amplitude change ratio b). The division process by the inphase signal I before a 
modulation is needed here. Since a modulating-signal point changes a value by the modulation 
number m so that it may understand from the becoming irregular point signal plot plan of drawin g 
6 (a), it is necessary to also change the numerical orientation method of inverse number 1 / I. If 
it asks for the inverse number of number x=c+e (e«c) near several c of arbitration like count of 
a formula (8), it will become a degree type (10). 
x-1 =1 /( c +e)=c-1 /(1 +(e/c)) 

**c-1(1- (e/c)) = 2-/c-x/c2 Formula (10) [0060] modulation number m= — the time of 0 

and 4 — 1**1 and modulation number m= — since I is set to 0 when it is 2 and 6, and I is set to 
**21/2/2=**0.707 when the number of the modulation numbers m is odd, inverse number 1 / I 
comes to be shown in drawing 9 . Drawing 9 is drawing which expressed about one example of 
the modulation number m and the relation between inverse number 1 / I. M and N are the values 
when expressing inverse number 1 / [ of I ] I at a degree type (11) in drawing 9 . 

1-/I=N (M-1) a formula (1 1), however m= — since it is acalculia at the time of 2 and 6, 

detection of a quadrature modulation error is not performed. As shown in a formula (1 1), count of 
the inverse number can be processed by multiplication and subtraction. 

[0061] In drawing 8 , for count of inverse number 1 / I, the modulation number m is given to the 
rectangular error detector 80 through an input terminal 194, and the inphase signal I before a 
modulation is given to - (minus) input edge of the adder 81 of the rectangular error detector 80 
through an input terminal 191. The output signal of an adder 81 is given to a multiplier 83, and 
calculates inverse number 1 / [ of I ] I with an adder 81 and a multiplier 83. Multipliers M and N 
are constants which drawing 9 defined, a multiplier M is given to + (plus) input edge of an adder 
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81 through an input terminal 195, and a multiplier N is given to a multiplier 83 through an input 
terminal 196. m= — inverse number count is not performed at the time of 2 and 6. Multipliers 84 
and 85 are given, respectively as a result of [ of a multiplier 83 ] count (i.e., inverse number 1 / 
I). 

[0062] Moreover, for count of the rectangular leak a, the rectangular signal Q before a 
modulation is given to - (minus) input edge of the adder 82 of the rectangular error detector 80 
through an input terminal 192, and the recovery rectangular cross signal q is given to + (plus) 
input edge of the adder 82 of the rectangular error detector 80 through an input terminal 193. 
The multiplication of q-Q calculated with the adder 82 is carried out to inverse number 1 / [ of 
I ] I with a multiplier 85, the instantaneous-sampling-detection value of the rectangular leak a is 
calculated, and the equalizajLion;ciKCuit;87Hs-given.,;^ tl , 

[0063] In the equalization circuit 87, one input' edge of an adder 810 is given in quest of the 
average of the rectangular leak a. While the output of an adder 810 is outputted through an 
output terminal 200, the delay register 812 is given and the output of the delay register 812 is 
given to the input edge of another side of an adder 810. By this, the integrated value of the 
rectangular leak a is calculated with the accumulator which consists of an adder 810 and a delay 
register 812. The calculated rectangular leak integrated value is given to the rectangular error 
compensation section 50 of drawing 5 , and performs rectangular leak compensation. 
[0064] Next, in order to compensate the amplitude change ratio b, the inphase signal i after a 
recovery is given to a multiplier 84 through an input terminal 190. In a multiplier 84, inverse 
number 1 / [ of I given to the inphase signal i after a recovery from a multiplier 83 ] I is hung, the 
instantaneous value of the amplitude change ratio b is calculated, and the equalization circuit 86 
is given. 

[0065] In the equalization circuit 86, the average of the amplitude change ratio b is calculated 
and one input edge of an adder 88 is given. A constant is given to the input edge of another 

side of an adder 88 through an input terminal 197. Next, the output value b~1 of an adder 88 is 
given to one input edge of an adder 89, and the output signal of an adder 89 is given to the delay 
register 811 while it is given to - (minus) input edge of an adder 813. The output signal of the 
delay register 81 1 is given to the input edge of another side of an adder 88. That is, the 
amplitude change ratio b is set to 1 after having been completed by compensation, and the way 
things stand, it cannot be accumulated. For this reason, b-1 is calculated with an adder 88, and 
the accumulator which consists of an adder 89 and a delay register 81 1 integrates this. 
[0066] In compensation of the amplitude change ratio b, a required value is the inverse number 
of the amplitude change ratio b. Then, using the approach which described the formula (10), by 
subtracting the integrated value of b-1 from 1 with an adder 813, it asks for the inverse number 
of the amplitude change ratio b, it gives the rectangular error compensation section 50, and an 
amplitude change ratio is compensated. 

[0067] In the example of drawing 8 , since the inverse number operation which is hard to treat in 
digital signal processing can be processed with a multiplier and an adder, a configuration can be 
simplified substantially. The example of this invention constitutes the whole of each parameter to 
control from the form of an accumulator (the phase simulation of drawing 4 , the direct current 
offset of drawing 6 , rectangular leak of drawing 8 and an amplitude change ratio). Therefore, 
even if a certain noise component joins an instantaneous-sampling-detection value, the effect is 
pressed down small. Moreover, there is an advantage which convergence of each compensation 
data value can perform in a short time dramatically by carrying out evacuation storage, putting 
the data value of the register of the accumulator of each control circuit on memory at the time 
of termination of a modulator of operation, and starting modulation actuation, after setting to 
memory the data which were carrying out storage maintenance at each register at the time of a 
next restart of operation. 

[0068] As mentioned above, although explanation of an example explained the modulator of pi / 4 
shift QPSK modulation technique to the example, if this invention is quadrature modulation, it 
cannot be overemphasized that it can apply to other modulation techniques. 
[0069] 

[Effect of the Invention] As explained above, according to this invention, the quadrature 
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modulation error generated with the circuit element deflection of an analog quadrature 
modulation machine can be detected and amended to accuracy by having a digital local 
demodulator. For analog modulation, in the quadrature modulation machine of a digital method, 
the D/A converter of the required high speed is not required, at a low speed, using the D/A 
converter of cheapness and a low power, since direct modulation is possible, a carrier frequency 
conversion number of stages can also be reduced, and an analog circuit part can be simplified. 
Moreover, since detection of a modulation error can be automatically performed in the usual 
modulation actuation not using the special detecting signal for error detection, it is not 
necessary to perform special circuit actuation for amendment, and follows automatically also to 
fluctuation of a modulation error, and always exact rectangular error correction is possible. 
Moreover, it can follow also to the quadrature modulation error changed by fluctuation factors, 
such as deflection of a componeptfpr^ supply voltage, and secular fluctuation. 

Furthermore, since complicated operations, such as a square root operation required for signal 
processing of control and an inverse number operation, are not carried out but all can be 
processed by multiplication and addition, the configuration of the digital processing section can 
be simplified dramatically and a design degree of freedom increases further again. Furthermore, 
since oppression of a noise etc. can be performed since it is compensating by integral value 
control using the accumulator, and the integral value itself turns into correction value, the data 
of the accumulator at the time of modulation actuation termination are memorized in memory, 
and very high-speed amendment actuation is attained by initializing to an accumulator at the 
time of a restart of operation. 



[Translation done.] 
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SaR»tt»^b*v^. tt?TltSMS«kffiBBi05-T«tt 
m * ft S It SMM^^TZ-f d 9<vfcS&MBt\ 

t, jsewawsio6©A*fli^©ia3isawHi?aafc*fs/4te: 
[0028] ^¥m(ojt^mmmt, T-tutfw.&g. 

com) d g , Rtfit^firtiiiM cra*as#fi#i©{fcfBfc 

Ifi^^-M^QCife^ OS) d0£\ dft£t|«3:Ifi35 

I=cos0, Q=sin0 ^(1) 

(it, 0=m7r/4, mt±, m=0~7(D!gg0 

[0029] it2!se»imoraffie^itjfis«4SQtt, ^ 

tit^«#qtt^ie(2) TS^ft^o 
(l+dg) cos0 ' 
%Ksin (0' +d0) 
-d0/2 ) 

S(2) 

W (0=0' ) ^ft^, ^S(3)fa^ft5o 

, b=l+d g , a=d0 ) S(3) 

71fcl75tt|S|fflfl|^Oia«t!j-7-fcy hdiOX^fiT?, 172 

i:i76t±ifi3S«#Oifij!fi^-7-liy hdqOA^?, nut 

coscoctAT^liS?, 178«sina) c tA734ffii?, 50t±Ifi3SP, 
56fcfc7-J-nyiB5SSiSSg, 5it53t±It3SPM 
tiffig(550OSI'^»S5, 57i:59t±7 + D^"it^P^560 
»»3HS, 512 i: 5 13« 7 -f a ?\SL&SE.M&5B(D 5 
52 54 i: 55t±iS3SKMti«a350CDto®^i, 58 1 5 10 5 1 1 

a 7 i- u ymiz ^mms&<Di)mm, 5 1 4t± 7+ d ^'h:^ 

so ^iffl|§560e-^AP^g§t?fe5 0 §U o)c=2nfc-C ; , fc 



(7) 
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itmmi&ffli&wi (fc=fs/4, fs&m&itmife&) 

[0 0 3 2] Ti-atrmt&tMgsSMt ^1f512, 5134: 
SmaM §§5 1 435. tf cos to c t A^iiS? 1 77 4: sin to c tA^Sffil 

fji57— 59, 173—176, 510, 511TSLTt^l>o 
[0 0 3 3] S(3)«ibT, ^llHUff^ (I, Q) t 

m^wm\m (i, q) tT\ is^swKS^SiB-rss « 

5£S:;}<i63 4:, :fe£(4) 4:ft3o 
b=i/L a= (q-Q) /I S(4) 

it!5S^-7-fe-y h (di, dq) &±Jig|5fgIS{§-5§ (i, 
q) %Z.tT&lsb%£t a CflZcDtfi 

mbfcRM^ (a, i/b, di, dq) **rwi"r*Mni** 

If |g56(c-%- * § c t <fc t) * XKMttflttf 4: * * » 

[0034] sfc, ^©atsaRSttHHiwwBffsiis 

CD ii^co^PKlfFBtcOx-^^M^^^-pT 

[0 0 3 5] %tcH 1 ©JS8B«Hffil06©— ISflfiWKO 
l->TH3*ffl^TIKWr5o H3tt*«WOJMffl>B 
O— HSSfi«J*SiWr«fcii>O01?fcSo 0 3 (a)tti§g|3 
fIMgBO«i^^^-r7*a y HI 3 (b) ItmiS • 1432 40 

wk mmmm, fcimm&.mfcn (fc=fs/4) , e*. 

tfCOScoct, H^sin co ct5:gL< £/c, i3(c)(±f 

H-t?fcS, 30«A/DS^g|, 3K±J3SN5fSiS&, 324: 33& 
344:35t±LPF, 36t±90° ^flis, 154«ff^OA 
l55ltWMtmt&ms<DXt}^. 156fcl60t± 
««BIffi«#lOtti*I«l?, 1574: 161ttttillt^«^q<5 
ffi*^?, 37t±j#tfJIS. 38fc39t±WB;Wv/?\ 158 
l±Sft XtsV&T. 159tt^» "0" XtS^X'lb so 
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So 

[0 0 3 6] v^^^Cifi^ffiM^T^ (Ctt, IH 3 
(a)(CitJ;3IC, A^ffi?154^r/t-bTA/D^i§30{C 

e.n^tt$jM&s^fc =fs/4o«iiA^)fi-^ ; &, a/ 
^{tmmkfs t-xv s> *;Mt;u 5 ^-9-32 1 33ic 
[0037] icfcgijfc, aa558fiffi3i-psfefigbfeiasE« 

iM&li^sincoct (coc=2nfc) A s 5 ^334:90° ^ffl 
g§36i;{C#X.P>n, 90° ^ags36-et4 5^1t32{C~^-9- 

33tc#*fctt3*aBM&fl#i:90* fflffl*3I6-efc«^ 
(HPSiSM&fi^) cosfl>ctfc#*.So 
[0 0 3 8] 5^-9"32T«, 7* *f $ Mkl^fr&MXtl 
t |B]ffliKM&«^cos co c 1 4: ££91 U LPF34tC-^ 
U>F34£J:9KHffiJS#£[fc£bTH*§«#%Hi;& 
(B?156*f|-LTUJ*-r5o n«»C, ^^-9-33-c?l±. X 
4 is £ Mt b fcffiHA^fB-Sf iltfi 32jJK3M&f§^sin co c t 
LPF35tC#^., LPF35tCi 0 SIHiS^%^ 
^LT|n|ffl«^til^?157«:^LTffi*-rSo 

[0 0 3 9] rafflfeJ:Cfit3SEaKi&fi#t.«* 
ltH^ftt?ai*<t:?tlTV^€)T?> r=n/fs (n=0, 
1, 2, 3, ) fc-f-Si:, 0 3(b)cOS3tl. H^IT?^ 

coscoct=cos (n«/2) =1, -K 0 S 

sincoct=sin (nn /2) =0^ K 0 N -1, 

fc&3„ i3(b)ii, BP-^V fc=fs/4i:K^bTfe< 

"l" , "o" . "-1" ©»^»*«J*iLa*«6IWgbll 

[0 0 4 0] m 3 (c)txV ^^;l/«9liS<DJIf*W*ll 

?158*»&^A7Tt*ft "-1" «^-<D^14£Sfi 
t§o Sfc, A**?159*»&1±^» "0" £-^^S 0 «J 
§X-T-y^38i:39l±4A*©X'l'-yf-T : \ A*«S?tC# 
LfcS# (0—3) ft0 3 (b)cO«*ft:BfracO0— 3fc*fJC 
LTfctK B3(c)OiSfcJ:9, 7*-f 

[0 0 4 1 ] H3O%K0l»cJ:t)« *53RMO«Sfeba 
^t=V ^*;l/»antSEtWl3V*liTf * HI 1 

(b Q) JS8PaW^ttJ*fil* (i, q) ©Pel 
tct± s 7^-oi7|5!ES?b^A2nTt/''i.fc46> ^Sifi^- 

Itt3iMM^cii[Hl£§105-c:-^c±S-r5fca6tC«, Ctl?»cri« 

[0 0 4 2] 114a. *%W©SS95S[IIISl06©{fi[ffira 
WlElKcO— IIS£WlcD#l^^-ryP-y ^HT-fc3o 162 
ttfflffi*liEimot»HIWB«*i' OA^liffi?, 163«fuffi 
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^©A^iSi^ 167«^tSra*iM^I©A^3l^?, 40(4 
fefBMIEIsJES, 41. 43, 44, 45, 411, 413t±8Kj-»#g, 
42, 46, 49, 412«iP3Sfg. 47&H^ 48te«S£ 
US?X* N 410(i{SffiM^ffi(HlSS, 164tt{uffltiJ£ft©a 
ll|5lffi«^-i©tb*!^?s 165tttt*ffigIESI<DaHltt5Efi 
i = i' cos0— q' sin0, q = 

«sna^ (i, q ) m&isMtktiimmioteis^T, mm 
m*§ a, q) ti£ifc-r3c£T% ffi«RH « e *^ftffi* 
ns 0 

[0 0 4 4] ffi«Stftffl@SS410tt»^HLS411, 413fc 

<5 0 = sin<5 0 =sin (0t — 0r) 
—sin 0 t cos 0 r — cos 0Tsin 0 e 

=Q1-Iq 5£(7) 

%It»-T?.o S(7)T0T{43Me©^©ffifflft (tan0T = 

q/i) . d^tmmmm^<D&Mn (tan0 R = q /i) 

&s 0 =&aj£n/cffifflglM(5 e«u ftrt(g49fcjffiEixs> 
X*48*^&asjl5IHg-eaBi|EbTffiffl||©i:3S:t), Cti 
l£=ft §i§&R0M47T*cos 0 fcsin 0 fC^&U fitflffi IE0 
ES40{cA^J-r^o 

coo45] in 4 oaLmmm\Bimtmsmm s e 

So H 4 OffifflEISIIaiB-pttaBlsosBPailffitjiffl 
S&B*^\> $fcffiffiMfe7 , f-n^|5jES(D3g@(c<fco 

[0046] si <DnMmic33ttz>m.3*mm§iE®mo 

a «5£ (3) fC^f J; a fcx |5l*i« # I ^TftSS-fB^- Q fC?S 
A-TSflJ-a-^LT^S©T:\ »W-JH§57te«t-3T Ifll 

So mmmtit t a.mmm*§- 1 <Dmmmit*mr<DX\ 

»^W«§59k:«fe-3T I m^icmwz (=b * I) „ itHW 
ioiHgsiofcsiite^-n^njtaiiSo 

[0 0 4 7] 7^a^"It^illlg56T*^L/'cCtlP.© 

5or-««?nso «rssiMi&ffi#gfc: «t 

/cffiScU — *att, ^aOA^asmso^rrt-LT 
»tt*»51»C#*. &*U »W-JHg51ttA**lll?168*^- 
LT#*£nS^IIM«#©|BI*§{§*§IfCitttTa • I* 
5RiMnJM§52K:-§-*.S. iPWgg52T»H:, a • I«rA*«B? 



^©ffiftfi&i^TfcSo 
[0 0 4 3] H4^fe^T> fi*iffiIEM©«iffl{g# 
Ci' , q' ) *A#^162fcl63*ttbTflMffi«lHlK 

ffiM£BES4oa8Kt)Hl4i. 43, 44, 45t. tinnmu, 

46^e.«fig$n, 

i' sin0+q' cos 0 ^(6) 

169^/1- LT^x. & tlS £WffiHt#©utS:«# Q 

10 J±bttiS5» (l/b) ?:*J&TjS»gcl/b©A*^?170^ 
LT8Kt«§§53tC-5-;U KS53K1 «fc f IrI*B{§^ I (C 

n, A;£rtm 7 1 1 A^S? 1 72*^ L Tin^ig54 55*C 

^ft^n^-^ru ipj|ES544:55»c:j:*>Hffi«#ifcit 

[0 0 4 8] H6tC**6WteJ:SlKeS»|S©itiK^-7 
■feyh (di, dq) <DttWi:»«©-||SiS«l«r^'ro 06 
tt*38W©lt»E:a-:7-fey ha«©-^SS^J^rSJH^-rSfi 
46©0T-feSo H6(b)(±ffl«l3R(D— 
20 St7n7 ^0T$>So B6 OOfc&IAT, 180t±|5]ffi« 
#i©A*J*?, 181tt*3E*4#qfiDA*«B^ 182^^11 

i&ammy-oiz opf) x 62t±ip©§g N 63i±m&iy^ 

X^r, 183«iegiE^-7-fe-y h (di, dq) ©ffi^J^T?fe 

^> O 

[0 0 4 9] $"T0 6 (a)©|WIffl«-^(i) tlt^«^(q) 
©l£SfftT?«?nS 2 &7Cffiaiffl±fc:SLfc w /4^>7 h 
QPSKSP«^ (8{i©«#*) ©0%fflt / ^T*gft^-7-fe 
>y h©*ffi»jS*RBIf 5o ««W7-fey H40 6 (a) 

30 cojSM-e^Lrc^mmmwm:^m^(.T), (q)w±©^m 

^BJT?^-ritat*7-fey h^<> h;i/di, dq*^p»$n, 
s»ttwraffiB[3Ssfl#(i), (q)«±o«#i:aoTiiwx 

So 0 6 (a)©fiajT« m /4~>7 b QPSK^Tj i£©©^j& 
^r#x.T^S©T\ (i), (q)«©Kjft*(f4ik , *-*ra± 
©®^(/>=mn/4 (m=0~7) ©^il^So 

[0050] M^bfci^fc, mmmiatiiw mt;v~ b 

40 So C©fci6, h^ffi-rsfcfetc, ^35 

•rscittcit), -mfcxy^v h^tuf- $<dw&t*% 

so T*f5, 
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[0 0 5 1]*l-cH6(b)*fflt^ tt8iW-:7-fcy hffi 
tH[elSS60^A^S?i80. 181. ^^LT^ n^Yu 

(|6 (a)W8i) OUS^X^rO— r7^:^ (B^L 

m*c:»aKBBItaAi4:qtfE1tsn*o ^LT. ffb^ffi 
frtt^fr*!*^ fc^fcW^tett, *n50¥Si*JI 

tBbrLPF6i»c#s.ai:iRi^, fn^f- ^cqa-^ 
etc uMm^^vy^^^kv, ^i<i§saio 

[0 0 5 2] iP»S620ai^«#ttx ffi*iSB?183te^ 
^?>n^ £^CS®U^X^63£C-^*. 5Mo ^LTI 

^?>n^c L«aot, tal*S62fciiatU^X*63T? 
(di, dq) H5OIt3SKMafll»50tc-^A6n. it 

7 -by h (di, dq) RU\ LPF6lOU*tt0telR*"r*J: 

X- 1/2 = (1 + e) - 1/2 = i-(l/2)e+ 
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[0053] le^waD, it at* 7 -try 

»ff^Offll-9*i:J:oTltSI[*7-fcy htta^ffifc* 

iEaaita[*7-fey m«^T?**o 

[0 0 5 4] MSLfcASfc:* lt&S£WKIJ*S(3)te: 
<toTffi«-rstcti. H««iBS©ffi:&«^ifcqOfi« 
IE«ft*f*3&B:&<a&3o fi«E«Bfttt, IWIffl^it: 

ffife <t IflU 0 ISO it* toW fc HIS L^ffli/^^r 
[0 0 5 5] ^CT^lC^T cfc^^C, jta3tfcS3*<D<fc 

t*$«o 184^|l]fflfl-§-iOA^/S^ 185&±It3£{t#q<D 
A*S^ 186te^S "0.5" A***?* 187l±S»"l. 
5" A^?, 70. 71. 73. 76. 77tt»«"»S. 72^74 

189tilttS5®-^qOtB*fl!B?T*fe*o A;W?184te 

ipo*IW76fc:a9»sn*o S7"cA*flS^i85femw»7 
nc2fi (2oox^j®nofo) teg^s^n. from 
IHB77te:J»««n«o *»S70om*fiSi:«(«7ioai 

^jiS^^n ; fn5tjnSig72^gM^n. Aas§g72com*^ 

tt*JHB73fc»EK«n*o A*i»?i86«:SJ«g73*c» 
«3tl, X**B?187tttaJHS740+ (T^X) A*S 
*clg0R?n«o W»»730ffi*«H:iin3»»740- (T^ 

^x) xaMfcSSRStu ftm»74CDa*«!tt¥iSfl:ia 
B75tc»««n. ¥^ftliia75om^jSIBtt*3tS76i:* 

HE»77fcte*n^ f ft««snso *»»76tDa*fl»tttH- 

*«IKFl88te»«ESn, WH»770tHA«W:ta*HI?l89 

[0056] H7 03te»we«:. lESMttfloja wares 

gLTI/^o x^HCifilMBT\ x=l+e (e<<0 



(3/4)e 2 +--- = l-0.5e' 



(8) 



e=x-l*a(8)fcftAt4i:, *OS(9)i4io 
x-i/z =1—0.5 Cx-1) =1.5~0.5x 3J(9) 

[0 0 5 7] H7O»^*ffi70, 71fcfip3tffi72*Ccfc^T 
46, «mJC»»Jt»73T0.5S:»^. iDKgg74^«toT so 



fcqofi«oe*«ioiS2»^ai466nao mecommw 

^^{t[HlES75-(?¥^L. »^3?g76fc77tcJ:oTH«B 
aiSSffi^if^ifcqOSifitcSWLTWIiE^ft*^ 
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coo58] 88(0:? Tomtom. ic&mmmmmv 
&m£nm<o-nmMomm*7K?®T*$>% 0 mum 
?^ i92itm.mmm.^mmxt]^, mi±m.m\M.&m 

MA#4^ 196{±^3gCNA*^?, 197t±£gfc " - l" A 

S§^ 81il82«lt32PM^f±llHlg§8O|*I<Di0Sgg. 88, 89, 10 
810, 813t±iPp:#g, 83, 84, 85«It3iPM^tfl[HlSS80rt 

x- 1 =1/ (c+e) =c-' / (1+ (e. 
=c-' (1- (e/c) ) =2/c- 
[OO6O]IIf§»=0, 4<D^C«I^±K ^liS 
#m=2, 6<DB${a±I#o£:fttK SIS§«tf$g(Ott 
fc£l7^±2 1/2 /2 = ±0.707£ft£<7)-rj\ 3j*gSfl/It±S9 

mm/I%:%.i£,(l 1) T?g Lfc t %<Dii£T*%>% 0 

1/I=N (M-l) ^(11) 20 

IU m=2, 6<D^±fHPFggT?fe5<D^ ItS^PK 

Mo^ffitefrfrftVo aSai)^^^-?^ ffigc© 
[oo6i] i8t;fe^t, mmximm<Dfcnb^ 

-5*., A^S?19l^r/rbT^iiMlsi*|{t^ I £na^SI 
M^tBHIS§80cDAn»gg8lC>- (v-i'-t-x) A*SS(c#x. 
3 0 ta*#g81cDffi^«^«S^»g§83^^-^C ) n, iPH 

ggsitSKtffggss^itK i©iS*i&i/i^it»-rSc ^ 

95^LT*P»gg81£D+ (.-f? X) Attmc^fLZn. 

m=2, eo^ttaasw-jftifffear^o s^Ksssottat 

[0 0 6 2] Sfc, SBSEU — ^aOWJfOfefefc, 

82<D+ AA«fc4A«. i!)0*§§82-rj-|tWLfc 40 

q-Q«\ &tt»g85TI©i8!ftl/I fc M£ LTffi£ U - 

[0063] y-mummTviz, mav-tavw-mm 

^Sfc46AP*fg810<D-77OA^j!StC-^^?. o *P»:fg810<D 

8iooflto?oA*«!i»c#7L6n*o cn*c<fcoT, ipn 

§g810i:jiMU->*X^812*-'e.*§^aci§T*ItSU — i'a 
S5KSttKRW50fc#*T, IBX'J— *-fSHH£fr-3o so 



86t87{i¥±^<tlHlES. 811fc812t±)15£U^ 
199t±fii|ltfc<D5S»STffe5flB»l/WDtU*iffi?, 20 
0«ItS'J-^a©m^?T*feSo 

[0 0 5 9] !t&Xfflg£ (.H&V-ZatMm&itik 
b) <E>«fcHtt3(4)fc:J:oTf i r3o C C T?^iW9rafflfir^ 
I fcJ;«fiJti3SA^Si:*5o S 6 (a)<D^iffl^<l#BE 

§o ffift©»cfc:3fi^»x=c+e (e<<c) OjMSC^5S 
(8)«Dlt»i:lRl«tC^46^t v ^(10) ft So 

/c) ) 

x/c 2 i£(10) 

[0 0 6 4] <fcfC, fi««{tJtbJ&M«-r«fcfete, A 

[0065] ¥-mit®&MT°i&mm&<tttw>smm* 

Mtb, ixmms<D— j$(D Xtsmc^-x. So jba)*888<D4& 
*OA**BfcH:A*«SB?197«:^LTS» "-1" 
£*l3o AD®§|88©m^jfitb-H±to»S89<D— 7j 

OAMlC^^n, ft]J(8§89©fcB;rjfc^J4 s ftP»g§81 

^7.^81 e,n^ o jiai^X*811<D£fj2jM-^J± 

ifcWi, a«3yiR5Rbfettin?ttli:ftD, CSDSSTH 
JRWT»frftVo Z<Dfctb, taSCSi88fcj;t)b-1^46, 
C ft ;&;ta»§§89 i: iBS U S^X if 8 1 1 6 ft -5 JRKgg-?a( 

[0 0 6 6] JiH^{|^b©*fte»cfc^T<&gftffi{±li 
[0 0 6 7] 7*4 

m8<Dm.&v-<7 tmrnrnttt) . r^f 
^ttiM(c{5re^cD^^^j[iptooTt. ?t<D&wi±'^ 
?<#^x.?.ns 0 £ft, ^Psgcofflftm^Ti^tc ««j 

WISES O m»§§co l/^x^fDr-^tt^^t U JlJSf E 

BflSfrr * C tc J; O , §}flf- ^ ttOlRttft^mKJB 
[0 0 6 8] W± > HffiMcO|ftB§(± n /Ms7 hQPSK^Id 
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[0 0 6 9] 

lEllfcfctiiRtflilEt'S c i: T*t So 7x a ^'^Md 
i^M^OD/A^gSigs^ffl LTl£g^Slf #RjfiE&fc 10 

46. iKHfi»««aa»a»«.W6"*-!ifctf-e*, 7rn 

ram; a»SM«if*Hoi®ta:atiiE*^-r, £t»»« 20 
«*^#fcinwifbf set »csfc, sw-ss 

[0®©ffi5#;&IBH§] 

[Hi] a^^Olt^Sara©— lUtWtfflv^SMI 30 

[h 3 ] -^mMom^mm^o-mmm^mm-t s re 

[0 4 ] aJ^fflBOJB»«mi©ffl#BBHHia»©— HSfc 
[0 5 ] ##Sl!ll<91fi£Kg««#&©«g£BttB-r « 
[0 6] &?£W<Dl&tiiL*7-tv bffi&<D— MfflflZfR "o 

B^-rsfci6d0o 
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[0 7 ] mmjEMit^(o— mMm<omm^m-rya 

[0 8 ] 4MOtt£Xmi24>4fttti t Wfc<D— 

[0 9] fflB»^»4:iSa8[l/IOBD«©— *fflWte"3 
i^TSLfc0 o 

1 : ItS&BIffi, 2. 3 : D/Agafcffi. 4,5: LPF, 
6, 7 : 8 : 90° ^fflii, 9 : mmMffl. 

10 : ^g|5fg®i§, 11 : BPF, 12 : «*{fc<i#f£ii 
§g, 13, 18 : LPFs 14, 19:54^ 15: 4 #JS 
§§. 16 : PLU 17 : A/Dgj&gg, 20 : xV ^*;Ht3£ 
^ISIi§s 21 : D/A^M§, 22 : LPF S 23, 26 : = ^ 
•9", 24, 27 : Jggtf^JISg, 25, 28 : BPF, 29 : HP 
A, 30 : A/Dgg|ffi. 31 : JggflfgJ§§§. 32, 33 : ~ 
34, 35 : LPF, 36 : 90° 5|£*gf§> 37 : Wttf 
Mm, 38, 39 : tym^vl-, 40 : ffiffi^IEIlIES. 

41, 43, 44, 45 : 42, 46, 49 : fi0g:g§, 

47 : H^HStROM, 48 : jffiffiUv'X^^ 50 : ifiiS 
KS*Mt8&. 51, 53, 57, 59 : 52, 54, 

55, 58 : in*§§, 56 : 7:M=i?'fi3^Sl§B, 60 : it 
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